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1. Viruses are obligate intra cellular parasites that require host cell machinery for 
multiplication. They possess ds or ss DNA/RNA as their genetic material and infect 
almost all organisms including animals, plants, bacteria and archaea. Among the 
viruses that infect plants, single stranded positive sense RNA viruses are predominant.  
The genome of these viruses encode for a relatively small number of proteins and is 
directly translated by the host cell machinery. These viral proteins extensively modify 
the host cell and launch the replication. Complete replication is a complex event in 
viral life cycle that requires assembly of viral and host encoded proteins at the altered 
host membranes. The viral encoded RdRp is the key catalytic subunit of such a 
complex (replicase). Several mechanisms have been proposed for replication and 
transcription of positive sense RNA viruses. However, the mechanism of replication 
in Sobemoviruses is not elucidated so far.    
2. The present thesis deals with the mechanism of replication in Sesbania mosaic virus 
(SeMV). Sobemoviruses are single stranded positive sense RNA viruses which infect 
both mono and dicotyledonous plants. SeMV a member of the genus Sobemovirus and 
infects Sesbania grandiflora belonging to the Fabaceae family and is a native of 
Andhra Pradesh, India. The SeMV genome is 4147 nucleotides (nt) long and encodes 
for three overlapping open reading frames (ORF). ORF 1 encoded protein, movement 
protein (MP) is involved in cell to cell movement. The ORF3 encodes for a coat 
protein (CP) which is translated via a subgenomic RNA formed during replication. 
The CP forms T=3 particles and encapsidates the viral genome. The CP was also 
shown to interact with MP and could therefore be involved in long distance 
movement. The central ORF 2 encodes for two polyproteins 2a and 2ab. The 
polyprotein processing studies have established four cleavage sites in polyprotein 2a 
and three cleavage sites in polyprotein 2ab. The domain arrangement of polyprotein 
2a membrane anchor (MA)-Protease-VPg-p10-p8 while that of 2ab is MA-Protease-
VPg-RdRp. 
3. SeMV protease was shown to be a serine protease and is active only when VPg is 
present in cis. The aromatic stack interactions between the protease and VPg were 
shown to be crucial for activation of protease. VPg, a natively unfolded protein, is 
involved in protease activation and cell to cell movement. The p10 is an ATPase and 
its activity was shown to be stimulated when p8 is present in cis. The p8 is also a 
natively unfolded protein that binds to nucleic acids. Based on sequence analysis, the 
C-terminus of polyprotein 2ab was predicted to contain the conserved motifs of viral 
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RdRps. Further it was shown to be translated by -1 ribosomal frame shifting 
mechanism. However, not much is known about the role of this RdRp in replication. 
4. The objectives of the present investigation are: 
i) Biochemical characterization of SeMV recombinant RdRp and identification 
of cis acting elements of the viral genome. 
ii) Construction and optimization of conditions to establish infectious nature of 
SeMV icDNA clone using Agrobacterium-based transient expression system. 
iii) Elucidation of the mechanism of 3’ and 5’ end repair of the progeny RNAs 
and demonstration of the importance of polyprotein processing in viral 
replication. 
iv)  Identification of viral proteins that may interact with RdRp using yeast two 
hybrid system. 
5. The SeMV RdRp as mentioned earlier contains all the motifs observed in other viral 
RdRps including conserved signature motif GDD. It also showed extensive sequence 
similarity with Polerovirus and Lueoviridae RdRps. The 5’ end of the SeMV genome 
is covalently linked to VPg as observed in Picornaviruses. In Poliovirus (PV) it was 
shown that RdRp adds one or two uridine nucleotides in a template dependent manner 
to the tyrosine hydroxyl group of VPg. This nucelotidylylated VPg acts as primer at 
the 3’ end of the negative strand to synthesize progeny positive strands. However 
there is no report on either the polymerase activity of SeMV RdRp or its ability to 
nucleotidylylate VPg. Therefore, the SeMV RdRp was overexpressed and purified as 
thioredoxin tagged protein.  
6. The VPg uridylylation assay showed that SeMV recombinant RdRp cannot add 
nucleotides to VPg in vitro. However, RdRp was able to synthesize RNA when 
genomic RNA (gRNA) or in vitro transcribed subgenomic RNA (sgRNA) was used as 
template and rNTPs as substrates. Further, mutation of active site residues GDD- 
GAA abolished the RNA synthesis demonstrating that the polymerase function is an 
intrinsic property of recombinant RdRp. Similar to other viral RdRps SeMV RdRp 
showed 5-6 fold enhanced activity in the presence of Mn
2+
 ions when compared to 
Mg
2+
. Further RdRp showed optimal activity at pH 7.5, temperature 30 C, template 
concentration of 0.4 µg of sgRNA, enzyme concentration 0.25 µM and time of 
incubation one hour.  
7. Analysis of RdRp products showed that they are double stranded. The strand 
separation assay and the initiation of RNA synthesis on 3’ hydroxyl blocked RNA 
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templates indicated that the mechanism of initiation was de novo. The RdRp assay 
with limiting concentration of NTPs and in the presence of  
32
P labeled ATP and 
GTP showed that purines are preferred as initiation nucleotides for de novo RNA 
synthesis.  
8. The RdRp assay in the presence of rNTPs or dNTPs showed that recombinant RdRp 
is specific to rNTPs. The RNA synthesis was observed only with viral RNA as 
templates and not with homopolymric polyA or ss DNA templates demonstrating the 
specificity of SeMV RdRp towards gRNA/sgRNA templates. Further, RdRp assay 
with (+) gRNA/sgRNA, (-) sgRNA and (-) gRNA showed that all the three RNAs can 
act as template however RNA synthesis was better on (+) gRNA/sgRNA template. 
Mfold prediction analysis of   3’ untranslated region (UTR) of (+) sgRNA showed 
that it folds into different stem-loop structures. A systematic deletion analysis of these 
stem-loop structures indicated that stem-loop II (29-57 nt) plays a crucial rule in 
template recognition and initiation of RNA synthesis. Mutational analysis of this 
stem-loop demonstrated that the RNA structure is more important than the sequence. 
Further mutational analysis indicated that recombinant RdRp can recognize stem-loop 
structures of various forms. 
9. Sobemovirus genome is covalently linked to VPg at the 5’ end, which indicates that 
these viruses use primer dependent initiation of RNA synthesis in vivo.  The in vitro 
study with SeMV recombinant RdRp suggested that it follows primer independent 
initiation of RNA synthesis. Bioinformatic analysis of Sobemovirus RdRp showed 
that it belongs to the super group 1 sobemo like super family which consists 
Sobemoviruses, Luteoviridae (luteovirus, polerovirus, enamovirus), Barnaviridae, and 
Nodaviridae. However, initiation of RNA synthesis appears to be different within 
these families. This could be due to existence of a conformational flexibility in this 
group of polymerases. It is possible that SeMV recombinant RdRp has a conformation 
which bypasses the requirement of VPg for RNA synthesis in vitro. However, in the 
in vivo condition, presence of host and viral factors might modulate the RdRp 
conformation thereby allowing VPg dependent initiation of RNA synthesis. 
10. Construction of infectious cDNA clone is an important step to study the virus gene 
functions in vivo. Although in vitro transcripts of viral full length cDNA clone can be 
used to study virus infection, use of DNA based Agrobacterium mediated transient 
expression system is a better alternative. Through a series of cloning steps SeMV 
icDNA cassette (35S promoter-SeMVcDNA-ribozyme-Nos terminator) was initially 
Chapter 6   
    Summary and Conclusions 
145 | P a g e  
 
constructed in pbluescript SK+ vector and subsequently the cassette was subcloned 
into pRD400 binary vector.  
11. Agroinfiltration analysis of SeMV icDNA onto Sesbania gradiflora and Cyamopsis 
tetragonoloba plants showed that 5 % and 80 % of the plants respectively were 
infected. Time course of icDNA infection demonstrated that the CP could be detected 
within 6 days of post infiltration (dpi) in Cyamopsis cotyledon leaves. Various 
processed intermediates of polyprotein 2a (Pro-VPg-10, Pro-VPg, VPg-p10 and VPg) 
could be detected upon western blot analysis with VPg antibodies suggesting that 
cleavage occurred at all the four cleavage sites identified earlier. Further, VPg was 
found to be post translationally modified in vivo.   Northern blot analysis of total RNA 
isolated from SeMV icDNA infiltrated cotyledon leaves showed presence of ds gRNA, 
ss (+) gRNA, ds sgRNA, ss (+) sgRNA and ss (-) sgRNA demonstrating complete 
replication under in vivo conditions.   
12. Due to the cloning strategy used the SeMV icDNA clone had 4 extra nts at the 5’ end, 
and 21 extra nt at the 3’ end of SeMV cDNA. Further SeMV cDNA lacked two nt 
(GT) at the 3’ end as compared to the viral gRNA 3’ terminal sequence. The 5’ and 3’ 
RACE analysis of progeny viral RNAs isolated from SeMV icDNA infected plants 
showed that the extra nucleotides were removed and the wild type nucleotides were 
restored at the 3’ end. It was observed that in many of Sobemoviruses the 5’ terminal 
nucleotide sequence begins with ACAA. Similarly 3’ terminal nucleotide sequence 
ends with TGT/GT. It was proposed that the ACAA motif at the 3’ end of the 
negative strand might act as promoter or enhancer for replicase binding and initiation 
of progeny RNA synthesis. Deletion analysis of these 5’ and 3’ terminal nucleotides 
showed that as many as four nucleotides could be deleted from both ends without 
abolishing SeMV icDNA replication. However deletion of 5 nt from 3’ end abolishes 
the SeMV icDNA replication. The nucleotide sequence analysis of progeny viral 
RNAs of these deletion mutants showed that 5’ and 3’ end nucleotides were 
efficiently restored to wild type sequence. Such a restoration of wild type sequence at 
both ends could be explained by presuming synthesis of VPgACAA/VPgACA 
primers using an unidentified internal cis acting RNA element. These 
VPgACAA/VPgACA primers align at the 3’ end of (+/-) gRNA or (+/-) sgRNA to 
synthesize progeny (+/-) viral RNAs.  
13. Earlier polyprotein processing studies in E.coli identified four cleavage sites in 
polyprotein 2a. To study the importance of these cleavage sites in viral replication     
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in vivo, all the four cleavage site glutamic acid residues were mutated to alanine 
(E132A, E325A, E402A and E498A) in SeMV icDNA clone individually. 
Agroinfiltration analysis of these cleavage site mutants demonstrated that cleavage at 
all the four sites is crucial for replication. Coinfiltration analysis of these cleavage site 
mutants with wild type ORF 2 binary construct showed that ORF 2 encoded proteins 
can act in trans and restore the replication of all the four cleavage site mutants. 
Further mutational analysis of ORF 2 showed that the N-terminal transmembrane 
anchor is important for complementation. It is therefore possible that targeting of 
polyproteins to the site of replication (membrane surface) is crucial. 
14. Complete replication cycle of a positive strand RNA virus requires assembly of viral 
and host proteins resulting in a complex called replicase. The RdRp is a key catalytic 
subunit of the replicase complex. Identification of viral/host proteins that are part of 
this complex is therefore important to understand the mechanism of replication in vivo. 
Yeast two hybrid (Y2H) system was used to identify the viral proteins that might 
interact with RdRp. All the viral encoded protein domains including MP, protease, 
VPg, p10, p8, p18 (p10-p8), p27 (VPg-p10-p8), RdRp and CP were cloned in 
pGBKT7/pGADT7 vectors and transformed in pairs into AH109 yeast strain. The 
transformed cell were plated onto synthetic dropout (SD) transformation selection 
plates (Leu and Trp) and subsequently restreaked onto SD interaction selection 
plates (Leu, Trp and His; Leu, Trp and His with 5mM 3-amino-1, 2, 4-triazol  
(3AT) and Leu, Trp, His and Ade). Further the strength of interaction was 
monitored by β-galactosidase assay. 
15. Y2H interaction study demonstrated that RdRp strongly interacts with p10 domain of 
polyprotein 2a. Deletion analysis to map the interacting region on RdRp demonstrated 
that the C-terminal residues 45-65 of RdRp are crucial for interaction. Foldindex 
analysis showed that the C-terminal region (residues 37-94) is unfolded/disordered. 
This disordered domain was found to be conserved across the genus Sobemovirus. 
The polymerase assay with C-terminal deletion mutants (C15, C45, C55 and 
C65) showed that the C-terminal 65 residues are not required for polymerase activity. 
However this C-terminal disordered domain of Sobemovirus RdRp might be involved 
in protein-protein interactions (e.g.p10). Further Y2H interaction study also 
demonstrated that p10 interacts strongly with itself. It was observed that p33 protein 
of TBSV, 126 K protein of TMV and 1a protein of BMV interact with themselves and 
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also interact with their polymerase counter parts p92, 183 K and 2a
pol
 respectively and 
play crucial role in viral replication.  The p10 domain of SeMV polyprotein 2a 
exhibited interaction properties similar to that of TBSV p33, TMV 1a and 1a of BMV 
proteins therefore, it is possible that RdRp-p10 interaction might also play an 
important role in SeMV replication.  
16. The RdRp also interacted weakly with itself, MP, protease, p18 (p10-p8) and p27 
(VPg-p10-p8). A weak interaction was also observed between protease and p10 of 
polyprotein 2a.  Oligomerization of RdRp is also reported for several positive 
stranded RNA viruses such as PV, Norovirus (NV) and Hepatitis C virus (HCV) etc. 
It was proposed that oliogmerization increases the cooperative RNA synthesis of PV 
and NV genomes and de novo RNA synthesis in HCV. Although p18 and p27 fusion 
proteins have intact p10 domain they failed to interact strongly with RdRp. This could 
be due to masking of interaction site by neighboring disordered p8 domain. Therefore 
cleavage between the p10 and p8 domains is crucial to achieve strong interaction 
between RdRp and p10 domain of polyprotein 2a. It is possible that the strong 
interactions of RdRp with p10 and weak interactions with other viral domains 
contribute significantly to the assembly and functioning of replication complex in vivo.  
 
 
